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Plasticitya b s t r a c t
Adaptation-related aftereffects (AEs) have been found in the perception of face identity, in that percep-
tion of an ambiguous face is typically biased away from the identity of a preceding unambiguous adaptor
face. In previous studies, we could show that both perceptual ambiguity and physical similarity play a
role in determining perceived face identity AEs, Cortex 49 (2013) 1963–1977, Plos One 8 (2013)
e70525. Here, we tested further the role of ambiguity by manipulating participants’ task such that the
very same target stimuli were either ambiguous or unambiguous regarding stimulus classiﬁcation. We
created two partially overlapping continua spanning three unfamiliar face identities each, by morphing
identity A via B to C, and B via C to D. In a ﬁrst session, participants were familiarised with faces A
and C and asked to classify faces of the A–B–C continuum as either identity A or C in an AE paradigm.
Following adaptation to A or C, we observed contrastive AEs for the ambiguous identity B, but not for
the unambiguous identities A or C. In a second session, the same participants were familiarised with faces
B and D, followed by tests of AEs for the B–C–D continuum now involving a B–D classiﬁcation task. We
again observed contrastive AEs but only for target identity C (ambiguous for the decision) and not for B or
D (unambiguous). Our results suggest that perceptual ambiguity, as given by the task-context,
determines whether or not AEs are induced.
 2014 Elsevier B.V. All rights reserved.1. Introduction
In our social environment the human face is a stimulus of out-
standing importance, as it carries information about a person’s
identity, gender, age, or emotional state. However, the perception
of a given face can be inﬂuenced by recent perceptual experiences
(for a review see Clifford & Rhodes, 2005). In the case of adapta-
tion-related aftereffects (AEs), the perception of a test face is con-
trastively biased away from the features of a preceding adaptor
face (for a review see Webster & MacLeod, 2011). For example,
after prolonged exposure (i.e., adaptation) to a female face, an
androgynous face is more likely perceived as male, whereas the
same androgynous face is more likely perceived as female follow-
ing adaptation to a male face (e.g., Webster et al., 2004). Such AEs
have been described previously for lower-level stimulus qualities
such as colour, texture (Durgin & Profﬁtt, 1996), line orientation(Clifford, Wenderoth, & Spehar, 2000), or motion (Anstis,
Verstraten, & Mather, 1998; Clifford, 2002). Interestingly, there is
also growing evidence for AEs in the perception of socially relevant
information in faces, such as a person’s identity (Hills, Elward, &
Lewis, 2010; Hills & Lewis, 2012; Leopold et al., 2001; Rhodes
et al., 2007; Walther et al., 2013), gender (Kloth, Schweinberger,
& Kovács, 2010; Kovács et al., 2006, 2007; Webster et al., 2004),
ethnicity, emotional expression (Webster et al., 2004), gaze direc-
tion (Jenkins, Beaver, & Calder, 2006; Kloth & Schweinberger,
2008), age (Schweinberger et al., 2010), or trustworthiness (Keefe
et al., 2013).
In the ﬁrst study on face identity AEs, Leopold et al. (2001) cre-
ated so-called ‘‘anti-faces’’, i.e., morphs that lie beyond the average
face on a trajectory connecting an original face and the average
face in face space (Valentine, 1991), and showed that adaptation
to such anti-faces shifted the perception of the average face away
from the anti-faces and towards the original identity. While that
study and some others (Leopold et al., 2005; Rhodes, Evangelista,
& Jeffery, 2009; Rhodes & Jeffery, 2006) used unfamiliar faces with
which participants were experimentally familiarised, other recent
studies demonstrated face identity AEs for well-known, familiar
48 C. Walther et al. / Vision Research 100 (2014) 47–55faces as well (Fox, Oruc, & Barton, 2008; Hills, Elward, & Lewis,
2010; Hills & Lewis, 2012; Hole, 2011; Little et al., 2012; Walther
et al., 2013). For example, Hills, Elward, and Lewis (2010) showed
that following adaptation to the face of a famous identity 1, a face
morphed between the famous identities 1 and 2 was more often
perceived as identity 2, and vice versa following adaptation to
identity 2. In this study, adaptation to artist-drawn caricatures
induced the highest AEs, whereas adaptation to written names,
voices, faces of associated identities, and imagined faces induced
signiﬁcant, but smaller AEs. These ﬁndings demonstrated that face
identity AEs may not only depend on the temporal characteristics
of the paradigm (Leopold et al., 2005; Rhodes et al., 2007), but also
on the (physical) stimulus properties per se. Note however that
other studies suggest a relative insensitivity of AEs to variations
of other aspects of faces, such as changes of contrast, colour, or size
(Yamashita et al., 2005), as well as of viewpoint, inversion, or ver-
tical stretching (Hole, 2011).
The morphing technique (see, e.g., Benson & Perrett, 1991;
Tiddeman, Burt, & Perrett, 2001) varies physical stimulus proper-
ties gradually, typically by creating a linear interpolation between
a pair of face images. If the physical stimulus properties varied
with morphing were the only factor determining our perception
of these morphed faces, then this perception should follow a linear
function as well. However, the categorical perception account (see,
e.g., Beale & Keil, 1995; Rotshtein et al., 2005) on face identity pro-
cessing has taught us that human perception of morphed faces
does not seem to work on a merely linear basis. Morphing the face
of a famous identity A to the face of another famous identity B does
not result in a linear decrease of ‘‘identity A’’ responses over the
morphing continuum, but a rather step-wise function with morph
levels close to the original face of identity A yielding almost 100%
identity A responses and morph levels close to identity B yielding
almost 100% identity B responses, and only very few morph levels,
in between A and B, yielding intermediate response proportions.
Therefore, our perceptual system seems to treat most of the stimuli
on such a morphing continuum as an unambiguous image of one or
the other original identity, whereas only very few stimuli, typically
from the middle of the continuum, seem to be treated as ambiguous
with respect to facial identity. In the current study, we will use the
term (perceptual) ambiguity to refer to this second stimulus-related
factor also varied by morphing (see also Walther et al., 2013).
In a recent study (Walther et al., 2013), we investigated face
identity AEs and repetition priming (PR) within the same stimulus
repetition paradigm, keeping timing and task constant. Following
the face of a famous identity (identity A, B, or C), an 50/50% morph
between identities A and B, or a Fourier phase randomized (noise)
stimulus, participants classiﬁed test faces varying on a morph con-
tinuum between identities A and B. Behaviourally, PR was reﬂected
in a reduction of reaction times (RTs) for unambiguous target stim-
uli following identity-congruent adaptors, whereas AEs were
observed both as contrastive biases in the perception of ambiguous
target faces following identity A or B adaptors and in terms of peak
shifts in the RT functions over the A–B continuum towards the
adapted identity. Analyses of event-related potentials (ERPs) in this
paradigm revealed a similar pattern: While neural correlates of PR
were observed for unambiguous target stimuli, neural correlates of
AEs were only found for ambiguous targets. As the same test stimuli
never showed AEs and PR simultaneously, our results suggested a
role of stimulus-related factors, such as the physical stimulus prop-
erties or their perceptual ambiguity, in determining which effect
emerged.
In the context of the ongoing discussion on the contributions of
high- and low-level processes to face identity AEs (see, e.g., Hills &
Lewis, 2012; Rhodes et al., 2004), determining the contribution of
physical stimulus properties and perceptual ambiguity to face
identity AEs could be highly informative. However, studies on faceidentity AEs often entail a confound of both these stimulus-related
factors, as both are varied by the morphing procedure simulta-
neously. In other words, changing the ambiguity of a test face
invariably changes its physical stimulus properties as well.
Although this confound hinders a clear separation of both factors,
in another recent study from our lab (Walther, Schweinberger, &
Kovács, 2013), we could demonstrate that both of these factors
inﬂuence face identity AEs. In this study, adaptors varying gradu-
ally on a morphing continuum between faces of two famous iden-
tities A and B were followed by ambiguous 50/50% test faces,
which had to be classiﬁed as either identity A or B. In general,
the closer the adaptors were to one of the original identities the
stronger the observed contrastive biases were. Interestingly, we
also found that the data could be ﬁtted by a combination of linear
(as it would be expected if physical stimulus properties alone
drove AEs) and higher-order polynomial functions, reﬂecting a
rather step-wise shape of the curve (in line with a role of percep-
tual ambiguity for face identity AEs). Although this suggested a role
of both the physical properties and the ambiguity of the stimuli as
factors for face identity AEs, more speciﬁc conclusions about the
role of ambiguity could not be drawn. Moreover, to our best knowl-
edge, no previous study could unequivocally separate the inﬂuence
of ambiguity from that of physical stimulus properties for face
identity AEs.
Although a major proportion of the literature on face AEs seems
to suggest that perceptual ambiguity is inevitably inherited from
the physical properties of a stimulus (see, e.g., Webster et al.,
2004), the following example shows that this does not have to be
necessarily the case. In the perception of line tilt, a vertical line
may be ambiguous when participants have to decide whether
the presented line is tilted to the left or to the right, but the same
line is unambiguous when a vertical/horizontal decision has to be
made. In general, the speciﬁc task will determine the ambiguity of
a stimulus. For the present study, we created a similar situation in
face perception. To this end, we decided to manipulate perceptual
ambiguity of the test stimuli in two ways, using a face identity
adaptation paradigm similar to that of Walther et al. (2013). First,
we created morphing continua spanning three different identities
each (identity A to B to C, see Fig. 1 for an example) for our test
stimuli, so that the test face, which is most ambiguous in an
identity A versus C classiﬁcation task, is not a 50/50% morph
between identities A and C (as it is typically the case in studies
on face identity AEs), but actually corresponds to the face of a dif-
ferent identity, B. Similarly, we also created a second morphing
continuum, extending from B to C to D, therefore partially overlap-
ping with the ﬁrst, A–B–C continuum.
Furthermore, we manipulated the task context between two
sessions, separated in time by at least 24 h. While in the ﬁrst
session, participants classiﬁed test stimuli drawn from an A–B–C
continuum as either identity A or C, they classiﬁed test-stimuli
drawn from an B–C–D continuum as either identity B or D in the
second session. Similarly to the line tilt example, we hereby cre-
ated a situation in which certain test faces were ambiguous in
the one but unambiguous in the other session. For example, while
identity B is ambiguous and C is unambiguous regarding the A ver-
sus C classiﬁcation of the ﬁrst session, identity B is unambiguous
and identity C is ambiguous regarding the B versus D classiﬁcation
during the second session. We hypothesised that if perceptual
ambiguity of the test stimuli plays a major role in determining face
identity AEs, then the size of AEs for identities B and C should
depend on the experimental session, or, in other words, on the
classiﬁcation task context. However, if the physical features of
the stimuli are the only factor determining the magnitude of AE,
then no such effect of the experimental task is expected. Indeed,
the results of the present study revealed that AEs could be induced
in both sessions, but always only for test stimuli that are
Fig. 1. Trial structure of the adaptation phases in Session 1 (upper half) and Session 2 (lower half) for one exemplary identity continuum also used in the experiment. In
Session 1, participants were familiarised with identities A and C before the adaptation phase, while they were familiarised with identities B and D in Session 2. Note that the
choice-screen offered a choice between the two identities of a continuum, which were familiarised in the respective session. The stimuli from the B–C part of the continuum
were used as target stimuli in both sessions, and identities B and C were used as adaptors in both sessions as well. Original images were taken from the ‘‘Glasgow Unfamiliar
Face Database’’ (Burton, White, & McNeill, 2010).
1 The luminance of a series of the 140 face images used in the experiment,
presented in size and position of the target stimulus for 5 s each with no ISI, was
measured automatically with a OptiCal Model 265 Display Brightness Sensor
(Cambridge Research Systems, United Kingdom) attached to the centre of the screen
with a suction cup (acceptance angle: 13 deg) every 200 ms. This measurement
procedure was repeated once, and the average of all values was determined as the
mean luminance.
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irrespective of the physical features of the stimuli.
2. Materials and methods
2.1. Participants
Twenty-four students of the University of Regensburg took part
in the experiment (12 female, mean age = 25.6 years, range
20–37 years, 22 right-handed). All participants had normal or cor-
rected to normal vision, gave written informed consent and
received partial course credit or payment for their participation.
The experiment was carried out in accordance with the Declaration
of Helsinki and was approved by the Ethics Committee of the
Friedrich-Schiller-University (this research was conducted in the
context of a collaborative research project of the FSU Jena and
the University of Regensburg).
2.2. Stimuli
Stimuli comprised 80 Caucasian British or European unfamiliar
male faces of persons aged between 18 and 30 years and were
taken from the ‘‘Glasgow Unfamiliar Face Database’’ (Burton,
White, & McNeill, 2010). All pictures selected were front-view
images. From twenty of the faces, we formed ﬁve quadruplets each
consisting of four unique identities (A, B, C, and D), chosen on the
basis of subjectively determined appropriateness for morphing. For
each quadruplet, we created morphing continua between
identities A and B, B and C, as well as C and D, using Sierra Morph™
(version 2.5) software. Then, we connected the A–B with the B–C
continuum and the B–C with the C–D continuum, to form A–B–C
and B–C–D continua. From here on, we will refer to the ﬁrst origi-
nal identity of each of these three-identity-continua as ‘‘choice-
identity 1’’, to the second original identity as ‘‘neutral identity’’
and to the third original identity as ‘‘choice-identity 2’’. The
choice-identities were the possible response-alternatives in the
adaptation phase later on (see Section 2.3). Each of the A–B–Cand B–C–D continua was used in one of the two different sessions
of the experiment, the order of which was counterbalanced over
participants. In each of the two experimental sessions, all original
identities of these continua served as adaptor stimulus (Session 1:
choice-identity 1 = identity A, neutral identity = identity B, and
choice-identity 2 = identity C; Session 2: choice-identity 1 = iden-
tity B, neutral identity = identity C, and choice-identity 2 = identity
D). Morphs from the respective three-identity continuum were
used as target stimuli (11 images per continuum, 20% steps
between the respective original identities; see Fig. 1 for an exam-
ple). Beforehand, excessive hairstyles were cropped and faces were
aligned to the same pupil position. In some cases, manual correc-
tions were applied to remove strands of hair, paraphernalia or skin
marks. All images were desaturated to grey-scale, and subjectively
equated for luminance and contrast. All editing was done by Adobe
Photoshop CS2 (Adobe Systems Inc.). Final image size was
400  600 pixels. Faces were presented with PsychToolbox 3.0.8
(Brainard, 1997) in MATLAB 7.6 (MathWorks Inc.) on a Sony
GDM-FW 900 CRT monitor (1920  1080, 60 Hz, 32 bit, mean
luminance1 of the stimuli: 20.7 cd/m2) on a grey background. The
adaptor faces were presented 25% larger (6.9  9.0 deg) than target
faces (5.5  7.2 deg) to avoid any possible effects based on retinal
positions or illusory movements due to the short inter-stimulus-
interval (ISI).
2.3. Procedure
Participants were tested individually in a dimly lit chamber.
Head position was ﬁxed via a chin rest and the distance to the
screen was 68 cm. Each of the two experimental sessions was
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new recognition test and an adaptation phase.
2.3.1. Familiarisation
In the familiarisation phase, each face was presented for
3000 ms after a short 500 ms ﬁxation cross in the middle of the
screen. The inter-trial interval (ITI) was 1200 ms. Participants were
instructed to learn the faces, in order to recognise them in a subse-
quent test-phase. In each familiarisation phase, 10 identities had to
be learned (the two choice-identities for each of the 5 continua
used, respectively), and each identity was presented once in each
of three blocks (3 times in total). Within these blocks stimulus
order was random.
2.3.2. Old–new recognition test
In the following recognition test phase, the faces of the 10
learned choice-identities were presented intermixed randomly
with faces of 10 trial-unique new unfamiliar identities that were
not part of the morphing continua. Faces were displayed for
500 ms each, following a 1000 ms ﬁxation period. Participants
had to determine whether or not the current face had been pre-
sented in the familiarisation phase, by pressing one of two buttons
(2-AFC, same buttons for the entire experiment, mapping counter-
balanced across participants). Responses were scored over the ﬁrst
1500 ms following face onset. If a response was detected, the next
trial started, else, the message ‘‘Bitte schneller reagieren!’’ (‘‘Please
respond faster!’’) was displayed for 1000 ms. In the end of a test
phase, recognition performance was calculated. If this performance
was lower than 85% correct, a further familiarisation session with
the same identities started, following which performance was
assessed again in a recognition test phase. The experiment was ter-
minated if the participant did not meet this criterion in the third
old–new recognition test (N = 0). Note that the same images were
used for familiarisation and test, and that this procedure is
therefore likely to involve image-speciﬁc identity processing in rel-
atively unfamiliar faces (Hancock, Bruce, & Burton, 2000), as con-
trasted with more robust and image-independent representations
that characterise familiar face recognition (Burton, Jenkins, &
Schweinberger, 2011). However, as in other studies on face identity
aftereffects using pre-experimentally unfamiliar faces (see, e.g.,
Leopold et al., 2001; Rhodes et al., 2007), the whole familiarisation
and recognition test procedure only served to establish a certain
amount of familiarity with the face images to help participants
perform the task in the subsequent adaptation phase.
2.3.3. Adaptation phase
In the adaptation phases (see Fig. 1), each trial started with a
ﬁxation period of 700–1000 ms, after which an adaptor stimulus
was shown for 500 ms. Following a 50 ms blank screen, the mor-
phed target stimulus was presented for 300 ms. Next, by pressing
the left or right button (2-AFC), participants matched the target
face to one of the two choice-identities, i.e., the endpoints of the
respective three-identity morph continuum, which were presented
on the left and right sides of the centre of the screen for 1500 ms
(positioned randomly, with each identity being presented on the
left side for half of the trials, stimulus size: 5.5  7.2 deg, inter-
stimulus distance centre to centre: 12.4 deg). Note that there was
no spatial overlap between the target and the subsequent choice-
faces. Responses were only scored within 1500 ms. If no response
was detected, the message ‘‘Bitte schneller reagieren!’’ (‘‘Please
respond faster!’’) was displayed for 1000 ms. There was no addi-
tional ITI.
The adaptation phase of each session was composed of three
blocks, the order of which was counterbalanced across participants
using a reduced Latin square. Each block included one unique
adaptor identity (Session 1: choice-identity 1 = identity A, neutralidentity = identity B, or choice-identity 2 = identity C; Session 2:
choice-identity 1 = identity B, neutral identity = identity C, or
choice-identity 2 = identity D) from each of the ﬁve different
continua. Blocks of all target stimuli were presented four times
in succession. Within these blocks, stimuli were drawn according
to the method of constant stimuli. There was a practice phase
(25 trials) before the adaptation phase (660 trials) of each session.
Trial procedure of this practice phase was similar to that of adap-
tation phase. Each identity quadruplet and adaptation condition
appeared at least once, and a representative selection of target con-
ditions was used. Additionally, the number of pairs in which both
adaptor and target were different choice-identities of a continuum
was increased as compared to the other conditions (6 trials versus
1 trial each). Feedback was given (correct, incorrect, or a neutral
display, plus a message that participants should respond to the tar-
get and not the adaptor, if they pressed according to the adaptor
when the target was the other choice-identity) to avoid that partic-
ipants responded to the adaptor and not the target. Participants
were allowed a user-terminated rest every 110 trials during the
adaptation phases. In total, one session lasted about 55 min. Each
participant completed two sessions, which were carried out with
a minimal delay of 1 day and a maximal delay of 7 days.
2.4. Data analysis
We performed an omnibus ANOVA with repeated measures on
session (1 or 2), adaptation condition (3; choice-identity 1, neutral
identity, or choice-identity 2) and target condition (11) for classiﬁ-
cation performance (in proportion endorsed as choice-identity 2)
and for reaction times (RTs). (Marginally) signiﬁcant interactions
of session with the other factors were further tested by separate
ANOVAs with repeated measures on adaptation condition and tar-
get condition for each session. To explore identity-speciﬁc effects
over the morphing continuum, we compared the adaptors serving
as choice-identities post hoc, using paired samples t-tests (two-
sided, uncorrected) at each target morph level for each session
(i.e., identity A versus C adaptors and identity B versus D adaptors
for Sessions 1 and 2, respectively).
Some of the adaptor–target pairs were presented in both ses-
sions. For these trials (i.e., all trials with targets ranging from iden-
tity B to C following identity B or C adaptors), stimulation was
identical in Session 1 and 2, and only the task context was varied.
This enabled us to assess the role of the task context independently
from the physical features of the stimuli. For this analysis we
recoded the data in a way that identical target stimuli shared the
same condition number. The dependent variable in this analysis
was ‘‘proportion endorsed as choice-identity’’. While the classiﬁca-
tion performance data of Session 1 already had this format (as
identity C was the last identity of the continuum, and therefore
one of the choice-identities), the data of Session 2 had to be recal-
culated by 1 minus the original data. An AE measure was then
calculated by subtracting the classiﬁcation performance for the
adaptor that was a choice-identity (identities C and B in Sessions
1 and 2, respectively) from that of the neutral adaptor (identities
B and C in Sessions 1 and 2, respectively), with positive values
reﬂecting contrastive AE. On these data, an ANOVA with repeated
measures on session (1 or 2) and target condition (6; from identity
B to C in 20% steps) was conducted. Post hoc tests of these data
comprised a comparison of both sessions via paired samples t-tests
(two-sided, uncorrected) for each target condition and one-sample
t-tests (two-sided, uncorrected) of each data point versus zero.
Only signiﬁcant t-tests are reported.
For all ANOVAs, Epsilon corrections for heterogeneity of covari-
ance according to Huynh and Feldt (1976) were used throughout,
where appropriate. Errors of omission (missing key press) and tri-
als with reaction times (RTs) faster than (or equal to) 200 ms were
Fig. 2. Accuracy data (in proportion endorsed as choice-identity 2; see Section 2)
for each target condition following choice-identity 1, the neutral identity, and
choice-identity 2 of each session. Note that the condition labels also state whether
identity A, B, C, or D was presented in a certain condition. Error bars show ±1
standard error of the mean (SEM).
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all experimental trials of the complete data set).3. Results
In our omnibus ANOVA on accuracy data we observed clear face
identity AEs as revealed by a signiﬁcant main effect of adaptation
condition, F(2,46) = 13.43, p < .001, eHF = .806, g2p = .369. If the
adaptor was one of the two choice-identities of the particular session
(i.e. either identity A or C for Session 1, or identity B or D for Session
2) target faces were more likely perceived as the other choice-iden-
tity. However, target faces following the presentation of the neutral
adaptor (i.e., identity B for Session 1 or identity C for Session 2) led to
intermediate classiﬁcation scores (see Fig. 2). AEs were most
pronounced for ambiguous target stimuli, even when the target
was a completely different face containing 0% of the choice-identi-
ties, and AEs were not observable or slightly reversed to priming
direction for targets near the choice-identities, as quantiﬁed by a sig-
niﬁcant interaction of adaptation condition and target condition,
F(20,460) = 8.96, p < .001, eHF = .617, g2p = .280. These observations
were also supported by post hoc tests (see Table 1) and conﬁrm
previous behavioural results (Walther et al., 2013). Furthermore,
there was a main effect of target condition, F(10,230) = 1123.89,
p < .001, eHF = .492, g2p = .980, describing the general increase ofTable 1
Classiﬁcation performance: Post hoc t-tests (paired-samples, two-sided) of the difference
Target condition Session 1
M SD t(23) p d
Identity A 0.032 0.077 2.012 .056 
80% 0.029 0.062 2.307 .030 
60% 0.032 0.114 1.360 .187
40% 0.102 0.194 2.568 .017
20% 0.094 0.200 2.288 .032
Identity B 0.102 0.180 2.770 .011
80% 0.138 0.165 4.074 .000
60% 0.134 0.212 3.082 .005
40% 0.078 0.127 3.021 .006
20% 0.015 0.101 0.719 .479 






Note: In Session 1, the choice-identities were A and C, whereas in Session 2, the cho
aftereffects. Signiﬁcant p-values are in boldface (p < .05) and d-values refer to Cohen’s d‘‘choice-identity 2’’ responses for stimuli closer to this identity on
the morphing continuum. Interestingly, session did not play any role
for the observed effects: There was no main effect of session or inter-
action with any of the other factors (ps > .20).
The omnibus ANOVA on RTs showed a signiﬁcant main effect of
session, F(1,23) = 8.10, p = .009, g2p = .260, in that participants’
responses were faster in the second session as compared to the ﬁrst
(see Fig. 3). Besides a main effect of target condition,
F(10,230) = 243.03, p < .001, eHF = .226, g2p = .914, and an interaction
of adaptation condition and target condition, F(20,460) = 4.92,
p < .001, eHF = .591, g2p = .176, the RT data also revealed (marginally)
signiﬁcant interactions of session and adaptation condition,
F(2,46) = 2.68, p = .079, g2p = .105, and session and target condition,
F(10,230) = 4.10, p < .001, eHF = .672, g2p = .151. Furthermore, there
was a trend for an interaction of session, adaptation condition, and
target condition, F(20,460) = 1.45, p = .095, (eHF = .875), g2p = .059.
Despite the relatively small effect sizes of the above interactions
with session, we calculated ANOVAs with repeated measures on
adaptation condition and target condition for each session as a sep-
arate since we focused on effects of stimulation within each session.
In both sessions, RTs were slower for targets ambiguous to the deci-
sion (main effect of target condition: F(10,230) = 177.90, p < .001,
eHF = .412, g2p = .886, and F(10,230) = 138.87, p < .001, eHF = .235,
g2p = .858, for Session 1 and Session 2, respectively). In Session 2,
there was an additional main effect of adaptation condition,
F(2,46) = 7.74, p = .002, eHF = .850, g2p = .252, in that targets following
the neutral adaptor seemed to show the slowest RTs overall. As this
effect was not observable in Session 1, it might have been due to
some kind of response conﬂict in the second session (see Discussion
for details). More interestingly, the peaks of the RT curves were
shifted towards targets of the choice-identity that was presented
as adaptor, as reﬂected in signiﬁcant interactions of adaptation con-
dition and target condition for Session 1, F(20,460) = 3.21, p < .001,
eHF = .641, g2p = .122, and Session 2, F(20,460) = 3.59, p < .001,
eHF = .856, g2p = .135. In line with some recent studies (Walther
et al., 2013; Zäske et al., 2009), these peak shifts, which are also sup-
ported by the results of our post hoc tests (see Table 2), might be
considered as an RT equivalent of contrastive AEs. However, in con-
trast to one of our recent studies (Walther et al., 2013), post hoc tests
(see Table 2) did not show repetition priming effects in terms of fas-
ter RTs for unambiguous target stimuli following identity-congruent
adaptors (ps > .20).
Our experimental design also offered us the possibility to test
the inﬂuence of task context as determined by the differentof choice-identity 1 minus choice-identity 2 for all target conditions of each session.
Session 2






0.588 0.001 0.047 0.112 .912 0.028
0.910 0.023 0.094 1.183 .249 0.367
0.773 0.028 0.117 1.182 .249 0.318
0.631 0.126 0.167 3.687 .001 0.954
0.175 0.180 0.175 5.039 .000 1.411
0.117 0.106 0.170 3.053 .006 0.815
0.150 0.171 4.287 .000 0.887
0.120 0.129 4.567 .000 0.857
0.050 0.128 1.913 .068 0.501
0.011 0.042 1.291 .210 0.299
0.015 0.058 1.231 .231 0.305
ice-identities were B and D. Positive values reﬂect contrastive adaptation-related
.
Fig. 3. Reaction times (in ms) for each target condition following choice-identity 1, the neutral identity, and choice-identity 2 of Session 1 (left panel) and Session 2 (right
panel). Note that the condition labels also state whether identity A, B, C, or D was presented in a certain condition. Error bars show ±1 standard error of the mean (SEM).
Table 2
Reaction times: Post hoc t-tests (paired-samples, two-sided) of the difference of choice-identity 1 minus choice-identity 2 for all target conditions of each session.
Target condition Session 1 Session 2
M SD t(23) p d M SD t(23) p d
Identity A 6.51 87.29 0.365 .718 0.079
80% 18.09 106.76 0.830 .415 0.197
60% 59.12 114.56 2.528 .019 0.583
40% 33.94 114.77 1.449 .161 0.280
20% 6.28 108.93 0.282 .780 0.048
Identity B 15.92 157.03 0.497 .624 0.110 5.72 39.19 0.715 .482 0.080
80% 8.07 133.51 0.296 .770 0.062 5.76 59.02 0.478 .637 0.064
60% 28.93 129.68 1.093 .286 0.235 35.46 66.35 2.618 .015 0.394
40% 49.91 106.09 2.305 .031 0.444 21.73 65.73 1.619 .119 0.205
20% 3.79 74.95 0.248 .807 0.042 24.72 69.85 1.733 .096 0.219
Identity C 2.47 64.49 0.187 .853 0.029 16.59 64.56 1.259 .221 0.138
80% 18.17 53.37 1.667 .109 0.168
60% 38.91 51.38 3.710 .001 0.360
40% 48.58 71.32 3.337 .003 0.550
20% 0.26 61.87 0.020 .984 0.003
Identity D 4.91 46.65 0.515 .611 0.067
Note: In Session 1, the choice-identities were A and C, whereas in Session 2, the choice-identities were B and D. Signiﬁcant p-values are in boldface (p < .05) and d-values refer
to Cohen’s d.
Fig. 4. Adaptation-related aftereffects in each session (in proportion endorsed as
choice-identity), as calculated by subtraction of the neutral adaptor minus the
choice-identity adaptor, for the target conditions present in both sessions (ranging
from identity B to C). Note that positive values reﬂect contrastive aftereffects, and
that in Session 1, identity C was the choice-identity, whereas in Session 2, identity B
was the choice-identity. Error bars show ±1 standard error of the mean (SEM).
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details). To this end, we calculated AE measures that were then
subjected to an ANOVA with session (1 or 2) and target condition
(6; from identity B to C in 20% steps) as repeated measures factors.
Note that the session factor determines which of the two original
identities was the choice-identity, and which one was neutral
(Session 1: choice-identity = identity C, neutral identity = identity
B; Session 2 vice versa). Besides a marginally signiﬁcant main
effect of target condition, F(5,115) = 2.01, p = .082, g2p = .080, we
found an interaction of session and target condition,
F(5,115) = 2.97, p = .015, g2p = .114. Interestingly, the very same
target conditions only showed AEs when they were ambiguous to
the decision in the respective session, while there were no AEs for
unambiguous targets (see Figs. 2 and 4). In detail, our post hoc tests
showed signiﬁcant AEs for 100/0% and 40/60% B/C target stimuli in
Session 1, t(23) = 2.11, p = .046, d = 0.431, and t(23) = 3.54, p = .002,
d = 0.722, respectively, as well as for the 40/60% B/C targets in Ses-
sion 2, t(23) = 2.30, p = .031, d = 0.469. In addition, marginally signif-
icant AEs were also observed for 80/20% and 60/40% B/C targets in
Session 1, t(23) = 2.01, p = .056, d = 0.410, and t(23) = 1.72, p = .099,
d = 0.350, respectively. Furthermore, our post hoc tests comparing
the AEs of both sessions at each target morph level showed signiﬁ-
cantly larger AEs in Session 1 for 100/0% and 80/20% B/C targets,
t(23) = 2.15, p = .042, d = 0.593, and t(23) = 2.21, p = .037, d = 0.616,
respectively. Note that, although the size of AE does not differ at
target morph levels near identity C, the descriptive data (seeFig. 4) suggest that AEs were larger in Session 2 when compared
to Session 1 here.
4. Discussion
In the present study, we examined the role of perceptual ambi-
guity for face identity AEs by manipulating the task context. In our
paradigm, we were able to replicate ﬁndings of face identity AEs
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Leopold et al., 2001) in terms of contrastive biases in the percep-
tion of ambiguous test faces following unambiguous adaptor faces,
while no such effects were observed for ambiguous adaptors. Inter-
estingly, these effects were robustly observed despite the facts that
our test stimuli were drawn from morph continua spanning three
different identities, and that the ambiguous identity in the middle
of these continua was a face completely different from the
end-points of the continuum. Similar to previous results on face
identity AEs (Walther et al., 2013), our classiﬁcation data showed
an overall pattern that is in line with the idea of categorical
perception of facial identity (Beale & Keil, 1995). However, it is
not clear whether the two familiarised end-point faces of each
continuum really acted as anchoring points for the two different
perceptual categories. This is because (1) we did not design our
experiments to measure the hallmark of categorical perception,
i.e., the increased discrimination scores for within-category when
compared to between-category pairs of stimuli, and (2) a study
by Angeli, Davidoff, and Valentine (2008) suggested that
pre-experimentally unfamiliar faces are not perceived categori-
cally – although this point is somewhat controversial (Kikutani,
Roberson, & Hanley, 2008).
By our manipulation of the task context between sessions, we
could show that perceptual ambiguity is a driving factor behind
face identity AEs, even in a situation in which the physical stimu-
lation is identical. Only those target stimuli that were ambiguous
with respect to the task of the respective session exhibited AEs,
when preceded by an adaptor that was unambiguous in that ses-
sion. For example, we observed a bias in the perception of an iden-
tity B target stimulus following adaptation to identity C in Session
1, but not in Session 2. This novel result extends on ﬁndings that
face AEs for ambiguous target stimuli can be induced by unambig-
uous, but not by neutral or ambiguous adaptors (e.g., Webster
et al., 2004). In that sense, rather than the physical stimulus per
se, the role of that stimulus within the current task context is
important in determining AEs. Additionally, these results are in
line with ﬁndings from studies using famous faces which sug-
gested a role of both physical stimulus properties and perceptual
factors, such as ambiguity, for face identity AEs (Walther,
Schweinberger, & Kovács, 2013; Walther et al., 2013).
The present study also adds to the increasing evidence for an RT
reﬂection of AEs (Theodoni et al., 2011; Walther et al., 2013; Zäske
et al., 2009). Zäske et al. (2009) were the ﬁrst to describe such
effects in a study on voice perception. Following adaptation to
unambiguous voices, the peak of the RT curve over the test voice
continuum was shifted towards the adaptor voice. Zäske et al.
(2009) attributed these peak-shifts to altered response uncertainty
following adaptation. In the present study, we observed very sim-
ilar effects in that following adaptation to an unambiguous face,
the peak of the RT curve was shifted towards that face, a ﬁnding
also nicely matching to our own previous results for famous faces
(Walther, Schweinberger, & Kovács, 2013; Walther et al., 2013).
Interestingly, although the paradigm was very similar to that used
by Walther et al. (2013), the RTs did not yield any priming effects
in the present study, in which only the classiﬁcation performance
scores showed weak evidence for priming. As RTs are considered
the common way to measure priming effects perceptually, these
effects should be interpreted with caution. Priming effects were
typically observed for familiar and especially for famous faces
(Bindemann et al., 2008; Ellis et al., 1987; Schweinberger et al.,
2002), for which stable memory representations should be estab-
lished. Therefore, our use of pre-experimentally unfamiliar faces
might have contributed to the lack of RT priming in the current
study. We hypothesise that the short familiarisation phase at the
beginning of each session most probably was not sufﬁcient to build
up a stable representation of the faces. Another possibility is thatresponse conﬂicts masked possible priming effects in the present
paradigm. Such conﬂicts might have been induced by the ambigu-
ous faces within the continua, which were of (or comprised a high
proportion of) a distinct identity possibly confusing the partici-
pants. Speciﬁcally, the neutral identity of the B–C–D continuum
in Session 2, i.e. identity C, was previously learned as a separate
identity and used as a choice-identity in Session 1. Therefore,
and although we tried to reduce possible interference effects
between sessions by introducing a delay of at least 24 h in
between, a residual representation of identity C as a separate
identity might have hindered participant’s identity classiﬁcation
in Session 2. In contrast, we can exclude such a conﬂicting repre-
sentation of the neutral identity of the morph continuum (identity
B) in Session 1, because that identity was not familiarised or used
as a choice-identity before. Indeed, the data of Session 2 showed a
general increase of RTs following adaptation to the neutral iden-
tity. Additionally, assuming that the inﬂuence of response conﬂicts
is most prominent for RTs, this interpretation is also in line with
the ﬁnding of weak priming effects in classiﬁcation performance
data, which might not suffer from response conﬂicts to such an
extent. However, note that this interpretation is based on only
marginally signiﬁcant interactions in the omnibus ANOVA for RTs
and relatively small effect sizes, and should thus be handled with
caution.
Similar to the study of Leopold et al. (2001), we induced face
identity AEs using experimentally familiarised faces. Together with
other ﬁndings of such AEs for pre-experimentally unfamiliar faces
(Rhodes & Jeffery, 2006; Rhodes et al., 2007), this underlines that
face-identity AEs can be observed for both familiarised and highly
familiar or famous faces (Fox, Oruc, & Barton, 2008; Hills, Elward, &
Lewis, 2010; Hole, 2011;Walther et al., 2013). While a recent study
by Laurence and Hole (2011) did not ﬁnd a difference between
familiar and unfamiliar faces for face distortion AEs which were
associated with face identity processing by some researchers
(see, e.g., Carbon et al., 2007; Strobach & Carbon, 2013), other
studies showed differences in face identity AEs for familiar and
unfamiliar faces (Hills & Lewis, 2012; Jiang, Blanz, & O’Toole,
2007; Walton & Hills, 2012). For example, Jiang, Blanz, and
O’Toole (2007) found that the magnitude of AEs and their view-
point invariance both increase with longer familiarisation periods.
This suggests at least a modest inﬂuence of familiarity on face
identity AEs. The above results are not necessarily in contradiction,
since face distortion and face identity aftereffects likely involve at
least partially different processing mechanisms. However, further
research is needed to determine whether or not the present inﬂu-
ence of task context is speciﬁc to experimentally familiarised faces.
Face-identity AEs as observed with familiar faces (and face AEs
in general) are typically thought to reﬂect high level face process-
ing (Hole, 2011). However, as some authors suggest striking differ-
ences in the processing of unfamiliar and familiar faces (Megreya &
Burton, 2006), it is not yet clear whether face identity AEs for pre-
experimentally unfamiliar faces tap into the same mechanisms as
AEs for familiar faces. A mere retinotopic locus of the effects was
ruled out by the use of differently sized adaptor and test images
here (Rhodes et al., 2004), but other studies suggested that face
identity AEs for unfamiliar faces tend to be more sensitive to lower
level processing (Hills & Lewis, 2012). Additionally, the lack of clear
priming effects in the present study contrasts with a previous
study on famous faces (Walther et al., 2013). This discrepancy
might reﬂect larger low level contributions to the present AEs, as
priming is generally considered as a phenomenon tapping into
higher level (memory) representations (e.g., Burton, Bruce, &
Johnston, 1990).
The speciﬁc design of the present study, though necessary to
manipulate the task context while keeping the stimulation identi-
cal, suggests some possible caveats. First, we probed AEs in face
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faces. Face AEs are often interpreted with respect to the face space
framework (Valentine, 1991). Typically, the morphed test faces are
thought to lie on a trajectory (a vector in the multidimensional
space) between two original faces, or in the case of Leopold et al.
(2001), between an original and an average face. In our case of con-
tinua with more than two original identities, there is most proba-
bly no straight trajectory through all involved identities in the face
space. Instead, the vectors between the identity pairs are likely to
show some unspeciﬁed angle to each other because the face qua-
druplets from which we created the morphing continua were
selected only on subjective visual impression (see Section 2 for
details). Therefore, the observed results might be due, at least
partly, to the choice of the stimuli as well. Although it is hard to
control for the position of stimuli in a hypothetical face space,
future studies might beneﬁt from a more sophisticated method
to process perceptual similarity in a set of faces, such as multidi-
mensional scaling (Kruskal & Wish, 1978) or Fechnerian scaling
(Dzhafarov & Colonius, 2005, 2007). With the help of such
accounts, quadruplets of faces, which are connected by a straight
trajectory (without angles between the vectors), could be created
that behave like morphs between two original identities. As a
drawback, such an approach might be impractical, to the extent
that it would require an extremely large number of original face
stimuli. Although further studies are clearly needed to validate
the present results, the overall pattern of AEs is very similar to
other studies using morphs between only two faces (Hills,
Elward, & Lewis, 2010; Hole, 2011; Leopold et al., 2001; Walther
et al., 2013). Furthermore, the aim of the present study was not
to probe the face space framework, but to show that face identity
AEs not only depend on the physical stimulus properties, but also
on the ambiguity of the stimuli within the task context.
In conclusion, the present study showed that ambiguity within
the task context plays an important role in face identity AEs for
pre-experimentally unfamiliar faces. Moreover, ambiguity of the
stimuli determined whether or not AEs were observed, even when
the physical stimulation was identical. Overall, our results suggest
that how a given face is perceived not only depends on earlier per-
ceptual experiences, but also on the goal of the perceptual process.
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